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DNA/RNA/GENETIC ENGINEERING 

12.A.4a  Explain how genetic combinations produce visible effects and variations among 
physical features and cellular functions of organisms. 

Chapter 9 and 10 

 
Unit Must Knows Key Vocabulary 

1. Students will be able to understand the DNA structure. 
a) Evaluate contributions of Watson and Crick and Wilkins and 

Franklin in the discovery of the double helix structure of DNA. 
b) Describe the structure of DNA, the nucleotides and base pairing rules 

(A-T, C-G). 
 

2. Students will be able to understand the process of DNA replication. 
a) Identify the role of enzymes in the replication of DNA. 
b) Describe how errors are corrected during DNA replication. 
c) Describe how complimentary base pairs guide DNA replication. 
d) Describe relationship of DNA replication and mutation. 

 
3. Students will be able to outline how genetic information from DNA is 

transferred to protein synthesis. 
a) Compare the structure of RNA with DNA. 
b) Summarize the process of transcription. 
c) Compare the role of mRNA, tRNA and rRNA in translation. 
d) Describe the importance of learning about the human genome. 

 
Chapter 11 

4. Students will be able to understand the importance of DNA 
Technology and the Human Genome Project. 
a) Describe the four major steps commonly used in creating 

recombinant DNA. 
b) Summarize importance of the Human Genome Project. 
c) Describe the uses of genetic engineering. 

• DNA 
• Nucleotide 
• Deoxyribose 
• Nitrogen base 
• Base-pairing rules 
• DNA replication 
• Helicase 
• Replication fork 
• DNA polymerase 
• mutation 
• RNA 
• Transcription 
• Translation 
• Protein synthesis 
• Ribose 
• mRNA 
• rRNA 
• tRNA 
• RNA polymerase 
• Codon 
• Anticodon 
• Virulent 
• Vaccine 
• Introns 
• Exons 
Chapter 11 
• Genome 
• Genetic engineering 
• Recombinant DNA 
• Clone 
• Vector 
• Plasmid 
• Human Genome Project 
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 Test Prep CheckList 

Have I completed… 

Key Terms… 

� Completed and know all the Word Parts for this unit and the unit before? 

� Defined and studied (flash cards help) the Key Terms for the Unit? 

 

Reading Circles… 

� Completed each of the reading circles for each of the sections in the book? 

� Taken and corrected each of the Reading Quizzes for each section in the 
book? 

 

Must Knows… 

� Identified and have written the appropriate Must Know on the top of each 
page in the packet 

� Studied, Know and asked questions for each of the Must Knows for this 
Unit. 

 

Notes… 

� Taken Cornell Notes for each day of the unit. 

� Generated at least 5 questions for each page of notes. 

� Summary is written for each page of notes 

 

Organization… 

� Everyday’s Must Knows and Homework is written on the calendar or in an 
assignment notebook. 

� Cornell Notes are stored in binder. 
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Unit 7 DNA, RNA & Protein Synthesis Key Terms 

Define the following… 

• DNA 
 

• Nucleotide 
 

• Deoxyribose 
 

• Nitrogen base 
 

• Base-pairing rules 
 

• DNA replication 
 

• Helicase 
 

• Replication fork 
 

• DNA polymerase 
 

• mutation 
 

• RNA 
 

• Transcription 
 

• Translation 
 

• Protein synthesis 
 

• Ribose 
 

• mRNA 
 

• rRNA 

• tRNA 
 

• RNA polymerase 
 

• Codon 
 

• Anticodon 
 

• Virulent 
 

• Vaccine 
 

• Introns 
 

• Exons 
 

Chapter 11 

• Genome 
 

• Genetic engineering 
 

• Recombinant DNA 
 

• Clone 
 

• Vector 
 

• Plasmid 
 

• Human Genome Project 
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Bell Ringer Worksheet 

Question: 
 
 
 
 

Date: 

Answer: 
 
 
 
 
 
 
 
 
 

 

Question: 
 
 
 
 

Date: 

Answer: 
 
 
 
 
 
 
 
 
 

 

Question: 
 
 
 
 

Date: 

Answer: 
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Question: 
 
 
 
 

Date: 

Answer: 
 
 
 
 
 
 
 
 
 

 

Question: 
 
 
 
 

Date: 

Answer: 
 
 
 
 
 
 
 
 
 

 

Question: 
 
 
 
 

Date: 

Answer: 
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FOUR 

Chapter 4-1: Structure of DNA 
Two lypes of nucleic acids exist: deoxyribonucleic acid (DNA) 

and ribonucleic acid (RNA). DNA is the genetic material of 
organisms, while RNA is used during the construction of proteins. 
This plate will examine the structure of DNA. RNA's structure is 
studied in a succeeding plate in this chapter. 

DNA exists in the chromosome of the living eukaryotic cell, 
and in the cytoplasm of prokaryotic cells. DNA is composed of 
repeating units known as nucleotides. Each nucleotide has three 
components: a molecule of the carbohydrate deoxyribose, a 
phosphate group, and a nitrogenous base. At the upper portion 
of the plate, two nucleotides are shown. At the left is a nucleotide 
composed of a phDsphate group (pI, a deoxyribose mDlecule 
{D), and a nitrogenous base called adenine (A). The three com­
ponents should be lightly shaded to avoid obscuring their 
individual atoms. 

The deoxyribose molecule contains a five-carbon carbohy­
drate ring bound to the phosphate group at its -CH2 group. On 
its opposite side, the deoxyribose molecule is bonded to the ade­
nine molecule. The adenine contains five nitrogen atoms, which 
is why it is called a nitrogenous base. 

A second nucleotide is shown at the right. It consists of a 
nitrogenous base called thymine (T), bonded to a deoxyribose 
molecule (D) which is inverted here. The deoxyribose is in turn 
bonded to a phosphate group (P). As before, light shading 
should be used to denote the three portions of the nucleotide. 

Adenine and thymine nucleotides are held to one another by 
two hydrogen bonds (H), one of which is indicated by an arrow, 
which should be colored boldly. Hydrogen bonds are weak 
chemical bonds formed between hydrogen and nearby elec­
tronegative atoms. In DNA, two hydrogen bonds exist between A 
and T, and three exist between G and C. 

\ ····~~!~il~,U9~!ll!~Wi~~h~\~ei~qcl~~tr}J.)~(~iB~';lii •• i 

~~~9[1~t~r\9lc>r"",.~~.;~~\ih.Y~Y8grCl>r~~itlg9~.J, 
i •.. ·XP"re"'?"?~dHs"t\,~sgm~~9~.!& .. in\h~.8~~iil9Ie~\ " 

c)1I~JI1(:1'YQq\JseC!!grt\i~"iucle(jtrdes,\ .. . '. 

The four nitrogenous bases that make up DNA are thymine, 
adenine, cytosine (e), and guanine (G). LeYs take a look at the 
DNA double helix. 

Begin at the tqp of the molecule, and note that the first 
nucleotide contains adenine (A), and that it is attached to 
deoxyribose (D). The deoxyribose is connected to a phosphate 
group (P) which in turn is connected to another deoxyribose 
molecule. The latter is connected to a cytosine (e) molecule, as 
well as another phosphate group {Pl. A deoxyribose molecule (Dj 
follows, which is connected to an adenine (A). This pattern 
continues with alternating deoxyribose molecules and phosphate 
groups as the ribbon-like strand continues and curves. Each 
deoxyribose molecule is connected to one of the four nitrogenous 
bases. 

Now move to the right side of the molecule and follow the rib­
bon, beginning at the upper right. As you follow it, note that it 
contains deoxyribose molecules that alternate with phosphate 
groups, and that again, connected to each deoxyribose molecule 
is one of the four nitrogenous bases. The second strand of DNA 
is very similar to the first strand. 

r\Weviill~~~re~~.~~·~lo~Pt~~'ind),~;d\e'~ 
ii.~\r"nc\~ ... Qf[)NA·.:unile ..• 'p .. 'Ic>rl!)th"c!~ubl~;strqr\~~i 
~.\ •. PNAr,npl~\Jle.lf.)'?u.'~~E> .• ~Ot),~~cg"'P17'e~}9Uri.:J 
·•.· .• ""19ri';qQI~ntheI'9rlsQf .• tber.v"stt:d~c!sl d'i?19"lti .. •. 

thi~.~int:;T,l1e~r .. a~pelq~< . .... . '.' 
->1 

In the complete DNA molecule, two single strands oppose one 
another in a ladder-like arrangement, in which the nitrogenous 
bases line up opposite one another according to the principle of 
complementary base pairing. Adenine always lines up opposite 
thymine, and cytosine always lines up opposite guanine. As we 
mentioned earlier, hydrogen bonds then hold the bases together. 
The nitrogenous bases thus form rungs of a ladder. 
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Backbone .............. 0 () Nitrogenous Bases ...... E () Chromatin .............. M 
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Backbone .............. B 
() Adenine ................ A 
() Thymi ne ................ T 
() Cytosine .............. C 

() Two Loops of DNA ...... H 
() Histone Proteins ...... ! 
() Condensed Histones .... J 

() Nucleosomes ............ K 

() Chromosome ............ N 
() Nucl eus ................ O 
() Eukaryotic Cell ........ P 
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TER FOUR 

Chapter 4-5: DNA 
It is imporlont to understand how DNA is packaged into genes 

and chromosomes since it will help you understand the cydes of 
condensation and unraveling that occur during mitosis and cell 
division. It is also important to understand how DNA is arranged 
into chromosomes because the spatial arrangement of DNA influ­
ences gene expression. 

In addition, understanding the way in which DNA is coiled 
into chromosomes will help you understand how more than two 
meters (about six feet) of DNA fits into forty-six chromosomes in 
a nucleus that's less than five micrometers in diameter. This plate 
explores the current model for chromosome organization in 
eukaryotic cells and shows how DNA is organized with protein 
in chromosomes. 

Electron microscopic studies and biochemical research have 
helped biologists understand how DNA associates with protein to 
form chromosomes. This packaging enables DNA to direct pro­
tein synthesis and replicate, but also prevents it from tangling in 
the process of mitosis. 

Again note the double-stranded molecule of DNA. The first 
sugar-phosphate backbone (D) is at the top, and the second 
sugar-phosphate backbone (B) is at the bottom. These sugar­
phosphate backbones should be colored different colors and 
traced in the DNA molecule until they are no longer visible in the 
diagram. 

Associated with the sugar-phosphate backbones are the four 
nitrogenous bases of DNA. They are adenine (A), thymine (T), 
cytosine (e), and guanine (G). Four bold colors should be used 
to distinguish lhese nitrogenous bases (E). As you can see, they 
are initially distinct, but as the DNA molecule condenses, they are 
more difficult to pinpoint and color, so you might want to trace 
them. 

:.' ~f~i#~~~~i.~~d~~stru~jJ~~i~f!h~[)BA~.~I~~&~r!; 
~n~.""e~b'¥)t)8Y~~n.!p~hqv,il~.9s$qSi\l~qp~~N~... 

i
l
.·•. !pP~· .• p(\llei~.) •. \h~ •. ~~slJlt .• 9f.¥lbic~1~ •• thEfOI.Jsi""sqme .• • • 
..q,~tln~"y()~rrE'("cJ\(\Q .b~I~~sy()u .. ~lor, . . . 

and Chromosomes 
In eukaryotic cells, chromosomes are associated with protei 

known as histones. Histone proteins (I) occur in clusters of eif 
molecules, as the plate shows. These histones are small, ba: 
proleins thot facilitate DNA packaging. The eight histone protei 
are shown distincriy at first, then for simplicity we show them 0 

lectively as condensed histones (J). 
Note in the diagram that two loops of DNA (H) surround eq 

histone. The product of this looping is a unit called a nudeoso~ 
Several nucleosomes (K) are outlined by a bracket, which shol 
be colored in a dark color. The nudeosome is the fundamer 
packing unit for DNA. You should try to color several of the 0, 

densed histones and their double loops of DNA. 

·8~1d~·~1&Ji~di~~rqn.~~~~al·k~~N[l~~~if.qtDBA 
'in.lbecn~()m()'Cl~~>~nc;>",e"~!lijnerQV{lhenuSle-
.()>9(Oesl::()mbit]~",iih'm~~n<!\lie(,. ..... . 

A particular type of protein locks the nudeosomes togethe 
that DNA cannot unwind from its histone core; the nucleasol 

remain strung together like beads on a necklace. The windin! 
DNA around the histones shortens its length considerably, bul 
strand must be further shortened if the chromosome is to fit ir 
cell's nucleus. This is accomplished when the nudeosomes 
further packed into thick coiled fibers (L). A light colo 
recommended to avoid obscuring these coils. 

The coiling of nudeosomes into coiled fibers produces thi 
fibers that contain even more compact DNA. These fibers are 
lectively known as chroma~n (M). During interphase and E 

prophase, the DNA of a cell exists as these ultramicrosc 
fibers, but during late prophase and metaphase, the chro~ 
condenses even further. This final compacting produces the ti 
tional chromosome (N). The diagram shows two chromos~ 
joined at the centromere just before separation, d~ 
anaphase. You can see the nucleus (O), which indicates tha 
a eukaryotic cell (P). (Few of the details of the cell are shown 
since we are concentrating on the DNA and the chromosom 
bacterial cells, DNA exists without protein wrapping. 
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Strawberry DNA Extraction 

 
Adapted from a lab by C. Sheldon  

Introduction:  

DNA is found in cells from Animals and Plants.  DNA is a double stranded 
macromolecule composed of nucleotide bases pairing Adenine with Thymine and 
Guanine with Cytosine.  DNA can be extracted from cells by a simple 
technique with household chemicals, enabling students to see strands of DNA 
with the naked eye.  

Purpose: 

To extract DNA from the fruit of a strawberry plant  

Safety Precautions:  

• Do not eat or drink in the laboratory.  
• Wear Apron & Safety Goggles.  
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Prelab:  

Take a look at the sketch of the plant cell below. The chromosomes (which 
are made of DNA) are in the nucleus. This is the only place where DNA is 
located.  

   

 

Now match the procedure with what it is doing to help isolate the DNA from 
the other materials in the cell.  

_____1. Break open the cell  A. Squish the fruit to a slush  

   
_____2. Dissolve cell membranes  B. Filter your extract through 

cheesecloth  
_____3. Precipitate the DNA (clump 
the DNA together  

C. Mix in a detergent solution  

_____4. Separate organelles, broken 
cell wall, and membranes from 
proteins, carbohydrates, and DNA  

D. Layer cold alcohol over the 
extract  
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Materials / Equipment (per student group):  

1 heavy duty zip-lock baggie  

2.  1 strawberry (fresh or frozen and thawed)  

3.  cheesecloth  

4.  funnel  

5.  100 ml beaker  

6.  test tube  

7.  wooden coffee stirrer  

Reagents:  

1.  DNA extraction buffer  (One liter: mix 100 ml of shampoo (without 
conditioner), 15 g NaCl, 900 ml water OR 50 ml liquid dishwashing 
detergent, 15 g NaCl and 950 ml water)  

2.  Ice-cold 95% ethanol or 95% isopropyl alcohol  

Procedure:  

1.  Place one strawberry in a zip lock baggie and carefully press out all of 
the air and seal the bag.  

2.  Smash the strawberry with your fist for 2 minutes.  

3.  Add 10 ml extraction buffer to the bag and carefully press out all of 
the air and seal the bag.  

4.  Mush again for one minute.  

5.  Filter through cheesecloth in a funnel into beaker. Support the test 
tube in a test tube rack.  

6.  Discard the extra mashed strawberry.  

20



 

7.  Pour filtrate into test tube so that it is 1/8 full.  

8.  Slowly pour the ice-cold alcohol into the tube until the tube is half full 
and forms a layer over the top of the strawberry extract.  

9.  At the interface, you will see the DNA precipitate out of solution and 
float to the top. You may spool the DNA on your glass rod or pipette 
tip.  

10.    Spool the DNA by dipping a pipette tip or glass rod into the tube right 
where the extract layer & alcohol are in contact with each other. With 
your tube at eye level, twirl the rod & watch as DNA strands collect.  
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Questions:  

1.  Where can DNA be found in the cell?  

 

 

2.  Discuss the action of the soap (detergent) on the cell.  What is the 
purpose of the soap in this activity?  

 

 

3.  What was the purpose of the Sodium Chloride? Include a discussion of 
polarity and charged particles.  

 

 

4.  Why was the cold ethanol added to the soap and salt mixture?  

 

 

5.  Describe the appearance of your final product?  

 

 

6.  Draw a diagram of DNA containing 5 sets of nucleotide bases labeling 
the hydrogen bonds between the bases.  

 

22



 

23



i I 

'I,! 

I',' 
! 

i.!1 

TER FOUR 

Chapter 4-2: Replication of DNA 
The result of the cell cycle is the division of the mother cell into 

two doughter cells. This cell division takes place in almost all types 
of plant, animal, and microbial cells. Before a cell divides, the 
DNA in its nucleus replicates to ensure that identical copies of its 
genes are passed to each of the doughter cells. This replication 
occurs during the S phase of the cell cycle and has already been 
completed when mitosis begins. This plate explores the mechanism 
by which the DNA replicates. 

The DNA molecule is a double helix composed of two strands 
of DNA. Each strand is made up of alternating deoxyribose 
molecules and phosphate groups. Forming the rungs on the DNA 
ladder are the four nitrogenous bases which are connected to the 
deoxyribose bockbone. In the plate, you should use a medium 
color on the old deoxyribose-phosphate backbone (0); there are 
two of these backbones, and both should be colored. 

After you color the deoxyribose-phosphote backbones of the 
old DNA molecule, you should select four different colors with 
which to color the four different nitrogenous bases of the old DNA 
molecule. These bases are adenine (A), thymine (1), cytosine (e). 
and guanine (G). 

,.>?/.»!./ .............. y./. ...... ...... ............ .......................••..............•. 
l;.w;rwill\~bp;~~!liniije·sons!rUc~.~n.·.oft~l'.{V,i.~ .• n~w •.. ' 
i0.~~g~~sigf~~~,·~}(~~··.~~a~~l'~f .•. t~l?toc:~s~ .• o.f· ••• 
kth~it~p~!t\lstiqt\1~lq(th".··f1pptoprialil. PQttio\'l~of 
ri.!~~'~Iii;;. '. '.' ..... .... ". ·.·0 . '. '., ..... • 

The replication process begins with an uncoiling of the original 
double-stranded DNA molecule. A specific enzyme untwists the 
double helix and separates the DNA molecule into its two com­
plementary strands. The site of separation is referred to as the 
replicarion fork (0). and an arrow points to it. 

Each strand of the DNA molecule now serves as a model. or 
template, for the construction of a complementary DNA molecule. 
To construct this complementary DNA molecule, new deoxyri­
bose-phosphate molecules (N) will be needed, as well as new 
base pairs. On the left, notice that the new backbone is being syn­
thesized as the molecule untwists, while on the right side, it is 
being constructed in the opposite direction, with new molecules 
being added in fragments, starting at the boHom. The strand on 
the left is therefore called the leading strand, and the one on the 
right side is the lagging strand. 

rVVe~iILcornp~te.t~ec~nsfru~tign6tth~.~on~~~J 
RN~moI1cyl~by.·m!"~tiol'lil'19 .• th!".pri\'lcipt~.()f.~~I1!;,.·; 

.. plemenlclry.bgse .• pairirg;.·.C~nti1'l~eusing"''\S91f1r.s •. ",' 
• for th~ nitr9gen.oQsba§esthatyoQ~§~dalJOv~. . 

Once the deoxyribose-phosphate backbones have been 
constructed, the nucleotides will join with one another so that base 
pairing takes place in a specific paHern. Thymine (T) molecules will 
always pair with adenine IA) molecules, and cytosine (C) will 
always pair with guanine (G) molecules. Thus, the order of 
nitrogenous bases on the original template strand determines the 
order of the boses on the new strands. For example, we see on the 
left side the base sequence: C-G-T-T-A-G-A-G-G-T. These code for 
a new strand with the base sequence: G-C-A-A-T-C-T-C-C-A. As 
you can see, this is what ensures that each new DNA molecule is 
identical to its parent strand. 

Hydrogen bonding holds the bases of the two strands together, 
and a double helix forms, so that each new DNA double helix 
consists of an old strand and a new strand. This method of DNA 
replication is referred to as semiconservative replication. 

-80-

r 
! 

24

john.gorby
Text Box
Must Know Covered...



KEY 

Adenine I < 
Thymine c::::> 
Cytosine c::::> 

N 

() Deoxyribose-Phosphate 
Backbone (Old) ........ 0 

() Deoxyribose-Phosphate 
Backbone (New) ........ N 

N 

Replication of DNA 
() Adenine ................ A 
() Thymine ................ T 
() Cytosine .............. C 

-81-

() Guanine ................ G 
() Replication Fork ...... D 

-'. 

o 
:=5 

o 
-r, 

o 
z 
» 

25



26



27



28



29



1
30



 

31



32



33



Ii' .( 
I 

TER FOUR 

Chapter 4-10: Protein Synthesis (Translation) 
Deoxyribonucleic acid (DNA) is the starting point for the 

important cellular process in which protein is constructed from 
single amino acids. The protein created can be an enzyme, struc­
tural material, or used for virtually any other cell need. 

During transcription, the sequence of the nitrogenous bases of 
DNA directs the production of a strand of messenger RNA 
(mRNA). Then, in the process of translation, the strand of mRNA 
determines the sequence of amino acids, which determines the 
identity of the protein. 

As you may recall, transcription begins with the production of 
a molecule of mRNA, which travels out into the cytoplasm to take 
place in translation. 

Once it is in the cytoplasm, the mRNA strand complexes with 
a ribosomal complex. Take a look at the plate; ~rst color the 
ribose-phosphate backbone (8) of the mRNA, and the nitroge­
nous bases; adenine (AJ, cytosine (e), guanine (G), and uracil 
(U). As you can see, the mRNA molecule is associated with the 
ribosomal complex (0). In the eukaryotic cell, ribosomes are 
near the endoplasmic reticulum, while in prokaryotic cells, such 
as bacteria, ribosomes float freely in the cytoplasm. 

; .x~~·m~W~~~~I~W~~~~~K~~~~thi~th~r\~·» 
~"!l1~!.~~"WI~!1ftl>~q,n)~,,~~gr~.~Rqf.\hr~1l9~~'! 
~iQa~'r~t!!!Rf~~~is;&lII~g(j\~,!~on,a~q!lflr\i;i 

;;·~9g?~~ifle.~dPQ~ti~ulgt?!l'fj~.~~~iqI~!ip~~p~~,; 
\)~ttd,~~"in;.We,«ill)~()¥{~~,,~t~~s~.~~.~.~;!lt~.: 
t·;ii\)fO!Yl>l! ·.irFtH~. Pfo(fuc\iohof .pplypeptide~.! •••..• ; .•.•. ! .•.•. ;;; 
,',-',,,',', .,-',-_,,"',-.,,_,.-,' _.' "."::_,',, ',"-c" .,',,'_' __ ,',,,',-,''- ," ,'---''- ",' ,"",'-,,, 

While the mRNA-ribosome complex is assembling, many 
other important activities are occurring in the cytoplasm. For 
instance, tRNA (transfer RNA) subunits are binding loosely with 
particular amino acids in energy-requiring processes. 

We can see in the diagram, for example, that the amino acid 
alanine (E) has united with the !RNA for alanine IE,), and one 
molecule of lysine If) is fioating free, while another has united 
with a tRNA molecule for lysine (f,). Notice that different tRNA 
molecules have different three-base sequences. These are called 
anticodons. For instance, for alaninel the tRNA has an anticodon 
of A-U-G, while for lysine, the anticodon is C-C-c. 

Also in the cytoplasm is a molecule of tryptophan (H) united 
with the tRNA molecule for tryptophan (H,), and a valine (Jl that 
is united with the !RNA for vaHne (J,). Note that there is no tyro­
sine molecule shown for the !RNA for tyrosine (K,), nor is there a 
leucine molecule available for the tRNA for leucine IL,). 

Once bound to their amino acids, the !RNA molecules travel Ie 
the ribosome where the mRNA molecule is anchored. The crifica 
step is the matching of the codon on the mRNA molecule with th, 
anticodon on the tRNA molecule. When this is accomplished, , 
certain amino acid is brought into position. For example, we se 
the amino acid lysine (F) aHached to its tRNA molecule (F,). Th 
anticodon of the tRNA is complementary to the codon of tn 
mRNA, and lysine is placed into position. Immediately to its Ie! 
an alanine (E) has been put into place by its tRNA (E,). The 01, 
nine molecule is bonded to a serine molecule (I) which is in tl 
process of breaking free from its IRNA molecule P,}, and at rl 
far left, an alanine molecule (E) has already detoched from 
tRNA. Note how the process unfolds as you color. Can you gU! 
which amino acid will follow after the tryptophan? 

As the arrow indicates, the ribosome moves along the mRN 
ensuring that each codon and anticodon matches. Enzyr 
create peptide bonds between the amino acids to lorn' 
polyp~tide of increasing length. The translation process te, 
nates when specific codons on the mRNA molecule signal a f 
At this point the polyp~tide is released from the ribosome an 
further processed to yield a functional protein. 
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0 Alanine ................ E 0 Serine ................ I 

0 tRNA for Alanine ...... E, 0 tRNA for Serine ...... I 1 

0 Lys i ne ................ F 0 Valine ................ J 

0 tRNA for Lysine ...... F, 0 tRNA for Valine ...... J, 

0 Tryptophan .......•..•. H 0 tRNA for Tyrosine .... K, 

0 tRNA for Tryptophan .. H, 0 tRNA for Leuci ne ...... L, 

o Ribose-Phosphate 
Backbone .............. B 

o Adenine .............. ·· A 

o Cytosine ............. · C 

o Guanine .............. ·· G 

o Uracil ........ ········ U 
o Ribosomal Complex ...... O 

-97- 35



36



37



Copyright © by Holt, Rinehart and Winston. All rights reserved.

Holt Biology 23 DNA: The Genetic Material

Complete each statement by writing the correct term or phrase in the space 
provided.

1. In 1928, Frederick Griffith found that the capsule that enclosed one strain of
Streptococcus pneumoniae caused the microorganism’s

.

2. Avery’s experiments demonstrated that DNA is the 
material.

3. After infecting Escherichia coli bacteria with 
3 2

P-labeled phages, Hershey and
Chase traced the 

3 2
P. The scientists found most of the radioactive substance

in the .

4. Watson and Crick used the X-ray photographs of 
Wilkins and Franklin to build their model of DNA.

5. The process of making new DNA is called .

6. The point at which the double helix separates during replication is called 

the .

7. DNA replication occurs during the phase of the
cell cycle.

8. Eukaryotic DNA contains many replication forks working in concert, 

whereas prokaryotic DNA contains only 
replication forks during replication.

Name Class Date

Test Prep Pretest
Skills Worksheet
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Holt Biology 24 DNA: The Genetic Material

Name Class Date

Test Prep Pretest continued

In the space provided, write the letter of the description that best matches the
term or phrase.

______ 9. transformation

______10. replication

______11. DNA helicase

______12. Wilkins and Franklin

______13. Watson and Crick

______14. DNA polymerase

______15. Avery

______16. Griffith

Read each question, and write your answer in the space provided.

17. Relate the role of base-pairing rules to the structure of DNA.

18. Describe the components of a nucleotide.

19. What happened when Griffith mixed harmless living R bacteria with harmless
heat-killed S bacteria and then injected mice with this mixture?

a. discovered the three-dimensional structure 
of DNA with the help of other scientists

b. proofreads DNA during replication

c. developed high quality X-ray diffraction 
photographs of DNA

d. results in two DNA molecules that are 
identical to the original DNA molecule

e. results in a change in a cell’s genotype

f. demonstrated that DNA is the material 
responsible for transformation

g. discovered transformation in bacterial cells

h. unwinds the two DNA strands during 
replication
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Holt Biology 25 DNA: The Genetic Material

Name Class Date

Test Prep Pretest continued

20. How did Avery’s experiment identify the material responsible for 
transformation?

21. Why did Hershey and Chase use radioactive elements in their experiments?

22. Explain how DNA polymerase “proofreads” a new DNA strand.

23. Describe the role of DNA helicases during replication.
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Holt Biology 26 DNA: The Genetic Material

Name Class Date

Test Prep Pretest continued

Questions 24 and 25 refer to the figure below.

24. What does the figure above represent?

25. Identify the structures labeled A–C.

C

A
B
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Holt Biology 17 How Proteins Are Made

Complete each statement by writing the correct term or phrase in the space provided.

1. Instead of the base thymine found in DNA, RNA has a base called

.

2. Transcription begins when an enzyme called 

binds to the beginning of a gene on a region of

DNA called a promoter.

3. The instructions for building a protein are written as a series of three-

nucleotide sequences called .

4. During translation, the area of the ribosome called the

site receives the next tRNA molecule.

5. Because of its position on the operon, the is able
to control RNA polymerase’s access to the structural genes.

6. The lac operon is switched off when a protein called a(n)

is bound to the operator.

7. In eukaryotic gene regulation, proteins called 

help arrange RNA polymerases in the correct

position on the promoter.

8. In eukaryotes, long segments of nucleotides with no coding information 

are called .

9. In eukaryotes, the portions of a gene that are actually translated into 

proteins are called .

10. Insertions, deletions and point mutations are types of 

.

Name Class Date

Test Prep Pretest
Skills Worksheet
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Holt Biology 18 How Proteins Are Made

Name Class Date

Test Prep Pretest continued

Questions 11–13 refer to the figure below.

11. The processing of information from DNA into proteins, as shown above, is

referred to as .

12. Stage A is called .

13. Stage B is called .

In the space provided, write the letter of the term or phrase that best completes
each statement or best answers each question.

______14. In what kinds of cells do mutations occur?
a. body cells c. reproductive cells
b. gametes d. All of the above

______15. A mutation that moves a gene to a new location is called a(n)
a. point mutation. c. transposon.
b. insertion. d. deletion.

______16. Which of the following represents the codons that correspond to this
segment of DNA: TATCAGGAT?
a. AUA—GUC—CUA c. AUAGU—CCUA
b. ATA—GTC—CTA d. ACA—CUC—GUA

______17. Which of the following are the anticodons that correspond to the
mRNA codons CAG—ACU—UUU?
a. GTC—TGA—AAA
b. GUC—UGA—AAA
c. glutamine—threonine—phenylalanine
d. GAC—UCA—AAA

______18. Because the genetic code is the same in all organisms, it appears that
a. the genetic code evolved more than once.
b. the codon GUC codes for different proteins in different organisms.
c. thymine will soon replace uracil in RNA.
d. all life-forms have a common ancestor.

DNA RNA Protein

A B
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Holt Biology 19 How Proteins Are Made

Name Class Date

Test Prep Pretest continued

Read each question, and write your answer in the space provided.

19. Explain how RNA differs from DNA.

20. Summarize the process of translation.

21. Describe the functions of RNA.

22. What is the lac operon?

23. Explain why gene regulation in eukaryotic cells is more complex than in
prokaryotic cells.
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Holt Biology 20 How Proteins Are Made

Name Class Date

Test Prep Pretest continued

24. Why do scientists think that introns and exons contribute to evolutionary
flexibility?

25. Describe the three ways that mutation can alter genetic material.
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